The coral-eating barnacle Hoekia monticulariae (Gray, 1831), the only internal parasite among the Thoracica described to this day, is characterized by an irregularly-shapedshell nestled cryptically between the polyps of the hermatypic coral Hydnophora Fischer, 1807, which occurs throughout most of the Indo-West Pacific. Because of its protean form, cirripedologists have failed to appreciate the diversity of taxa related to Hoekia, , a presumed monotypic genus. We describe seven new species divided between Hoekia and three new genera, Eohoekia, Parahoekia, and Ahoekia for which the Tribe Hoekiini is proposed. As in other pyrgomatids, calcareous overgrowth by the coral is inhibited around the edge of the wall and aperture. But in Hoekiini a pseudopolyp, upon which the barnacle feeds with modified trophi, covers the wall and aperture. Furthermore, rather than articulating with a calcareous basis, the wall is suspended in coral tissue. Its hypertrophied lateral margin (= basal margin), in contact with the host's tissue, is the site where metabolic activities are inferred to take place. In Hoekia and Ahoekia, the wall develops simple or connecting tubes that lead to openings in the margin, which serve as circulatory pathways. A hypertrophied margin and elaborated circulatory system suggests that the Hoekiini may not be wholly dependent on feeding directly on host tissue and/or coelenteronic material, but may also be absorptive parasites. Although other pyrgomatids, in the tribes Pyrgopsellini nov. and Pyrgomatini nov., exercise some control over their hosts by an apertural frill and through discontinuities between the shell and basis, they are still planktotrophic. Résumé Le Cirripède mangeur de Corail Hoekia monticulariae (Gray, 1831) -jusqu'à présent unique endoparasite décrit parmi les Thoracicaest caractérisé par une coquille de forme irrégulière nichée de manière cryptiqueentre les polypes du Corail hermatypique HydnophoraFischer, 1807, à distribution dans la majeure partie de l'Océan Indien et du Pacifique de l'Ouest. A cause de l'aspect protéiforme des animaux, les cirripédologues n'ont pas correctement apprécié leur diversité, Hoekia étant considéré comme genre monotypique. Sont décrites ici 7 nouvelles espèces reparties entre Hoekia et 3 nouveaux genres (Eohoekia, Parahoekia et Ahoekia), la tribu Hoekiini étant proposée pour ce complexe. Comme c'est le cas dans d'autres Pyrgomatides, l'encroûtement par le Corail est inhibé le long du bord de la paroi et au niveau de l'aperture. Mais, dans les Hoekiini, paroi et aperture sont recouverts par un pseudopolype au dépens duquel le Cirripède se nourrit à l'aide de trophi modifiés. De plus, leur paroi est suspendue dans le tissu du Corailet non articulée à une base calcaire; le bord latéral (basal) hypertrophié de cette paroi est l'endroit au niveau duquel on suppose que des activités métaboliques se déroulent. Chez Hoekia et Ahoekia on trouve dans la paroi des tubes simples ou communiquants, qui aboutissent à des orifices dans le bord, fonctionnant comme voies circulatoires. Bord hypertrophié et système circulatoire élaboré suggèrent qu'il est possible que les Hoekiini ne soient pas uniquement des consommateurs directs de tissu de l'hôte ou/et de matériel du coelenteron, et qu'ils pourraient être aussi des parasites absorbtifs. Pour ce quiest d'autres Pyrgomatides (membres des tribus Pyrgopsellini nov. et Pyrgomatini nov.), ils restent planctotrophes, bien qu'exerçant un certain contrôle sur leur hôtes par une collerette aperturale et par des discontinuités entre la coquille et la base.
Introduction * A contribution of the Scripps Institution of Oceanography, new series.
Contributions to Zoology, 65 (3) 129-175 (1995) SPB Academic Publishing bv, Amsterdam Hoekia monticulariae (Gray, 1831) is not only the most unique coral-inhabiting barnaclein the Pyrgo- Veron, 1990 H. rigida (Dana, 1846) Locality Gulf Two statements by Darwin (1854: 373 ) prompted a restudy of H. monticulariae. The first involves why "... the outer lamina of the shell in this one species does not nearly reach the circumference of the walls ..." And the second, why "Internally ... the walls are ... perforated by many quite irregular, small orifices ..." that "... admit threads of corium into certain irregular pores which penetrate the shell." Our answers, presented below, explain not only the functional aspects of these structures but also reveal a previously unknown diversity of genera and species.
A list of taxa, host corals and localities is provided in Table I . Diagnoses for all of the species are based wholly on characters of the wall, an approach necessitated by the rarity of complete specimens, especially those preserved in alcohol. Also, the characteristics of the wall laminae utilized are limited to those readily seen under simple magnification. Characteristics of the genera and species are distinguished in the diagnostic key to the Hoekiini and the accompanying illustrations of principal anatomical features (Figs. 1-3 ). This general information and the accompanying systematics section, of interest mainly to specialists, is followed by a discussion of the functional morphology and host relationships of these specialized parasitic barnacles.
1 The host coral as listed on the label accompanying the type specimens was H. exesa. Present evidence indicates that Hydnophora is represented in Japanese waters by H. bonsai Veron, 1990 as well as ¡ H. exesa, but we have only been able to confirm that the A. tanabensis we examined occurred on the former (see text for further discussion).
matidae, it is the only known wholly parasitic balanomorph barnacle. Because of its peculiar shell, Darwin (1854: 373) initially "... did not believe that it was a cirripede." He had only the shell and therefore did not realize that the animal within had aberrant cirri and fed directly on host tissue with its trophi (Ross & Newman, 1969: 255) . In our earlier study we concentrated on the aberrant cirri and biting trophi of preserved specimens, and failed to pay sufficient attention to the hard parts.
We have since discovered that the shells of distant populations have different organization plans, and therefore Hoekia includes a number of taxa for which we now propose three new genera and seven new species of coral-eating barnacles.
Since our earlier studies (Ross & Newman, 1969 , 1973 there has been considerable interest in pyrgomatid functional morphology and symbiosis (Moyse, 1971; Newman & Ladd, 1974; Anderson, 1978 Anderson, , 1992 Anderson & Southward, 1987; Cook et al., 1991) . The implication in many of these studies is that pyrgomatids are able to manipulate their hosts, on one hand limiting deposition of coral sclerosepta on certain areas of the shell surface through chemical interactions, and on the other metabolically stimulating the growth of coral coenenchyme that forms all or a portion of the barnacles' diet (Ross & Newman, 1969: 255) . (3) from a slightly to highly reflexed or ascendant outer margin (left and right ends, respectively). The inner lamina (unstippled) forms a marginal fringe which is subdivided by radial grooves and channels inferred to serve, or to have served as circulatory passages. These join each other occasionally along their lengths, and at the circumferential channel beneath the distal margin of the outer lamina. The inner and outer laminae are separated by the predecessors of these radial grooves and channels. Those between the marginal fringe and the circumferential channel in alacunate forms, and between both and the lacunae in lacunate forms, are functional (see Eohoek- ia/Parahoekia and Hoekia/Ahoekia,respectively). Alternatively, the functionless portion of a radial channel, that central to the circumferential channel in alacunate forms or the lacunae in lacunate forms, is either filled or simply abandoned. The most obvious abandoned radial channel is that forming the carinal sinus. Ascendant marginal fringes can exceed the heightof the peritreme. The highly vascularized marginal and upper surfaces of the marginal fringe are in intimate contact with tissue of the host coral (see Fig. 3 ).
preserved in alcohol. A few of the specimens were examined during our previous studies, but most were acquired over the intervening 25 years. A relatively well preserved sample of Hydnophora exesa (Pallas), containing H. monticulariae from Singapore, was especially useful in clarifying the relationships of the barnacle to its host as well as its anatomy. Procedures for the preparation of soft parts are detailed in Newman & Ross (1971: 17) . We found a small hand-held grinder with either an abrasive or diamond impregnated dental wheel useful in cutting through the coral skeleton in order to remove the whole shell and basis intact. Once the shell was removed, this small block was cut again to reveal the relationship of the wall to the basis. We found that the easiest way to trace pathways or openings on the inner wall to the marginal fringe was by inserting an eyelash into the opening, and observing where it exited. All of the specimens were examined with transmitted light, or "candled", which proved especially helpful in elucidating the development of the pathways within the wall.
Specimens chosen for scanning electron microscopy were cleaned in a 5.25% solution of sodium hypochlorite, rinsed several times in tap water and air dried. These were mounted on aluminium stubs with double-sided tape, sputter-coated with silver, and viewed in a Cambridge S360 operating at lOkV. Pilsbry, 1916 Family Pyrgomatidae Gray, 1825 Subfamily Pyrgomatinae Gray, 1825 Remarks. -For a list of genera included in this subfamily, see Newman & Ross (1976: 39) , Galkin (1986 Galkin ( : 1290 , and Anderson (1992: 335) . The generic name Utinomia proposed by Galkin (1986 Galkin ( : 1290 is preoccupied by UtinomiaT omlinson (1963: 264) , an acrothoracican barnacle. As a replacement name we propose Galkinia, with Pyrgoma indicum Annandale, 1924 as the type species, by original designation.
Within the Pyrgomatinae there are three major taxa, distinguished on shell characters and mode of feeding, which are readily separable from one another. For each of these lineages we propose tribal names:
Pyrgomatini, Pyrgopsellini, and Hoekiini, as defined below. Cantellius Ross & Newman, 1973 , Hiroa Ross & Newman, 1973 herein, Paranobia Galkin, 1986 , Darwiniella Anderson, 1992 , Wanella Anderson, 1992 , Arossella Anderson, 1992, and Trevathana Anderson, 1992 (Rosell, 1975: (Spivey, 1988: 279) . Although there appear to be consistent differences in the soft parts, of which we have seen only those in three of the eight species, there appears to be considerable variation in the shell characters employed in the following key, and therefore it remains tentative.
Key to the genera and species in the tribe Hoekiini Ross & Newman, 1973: fig. 19 (Hiro, 1938: 
Structure of the wall and basis
The general development of the balanid shell was described by Darwin (1854), Costlow (1956) , Newman et al. (1967) , Ross & Newman (1967) , and Bourget (1977) , and the crystalline microstructure by Newman et al. (1967) , Newman & Ross (1971) , and Bourget (1977 and Bourget ( , 1987 30). The holes through which the setae grow range in diameter from 2.73 to 3.09 nm, and may be seen under high magnification (Fig. 15c ).
The circumference of the wall in most balanomorphs approximates an oval or circle, and this shape is essentially characteristic for each species (Spivey, 1988: 279 Therefore, the basal margin in such forms is referred to herein as the lateral margin.
In most balanomorphs the wall consists of an inner and outer lamina often separated by tubes and related structures (Darwin, 1854; Costlow, 1956; Newman et al., 1967; Newman & Ross, 1971 , 1976 .
In Hoekiini, the shell in cross section is reminiscent of the Greek letter Omega (Fig. la) . The outer (upper) laminaof the wall in Hoekiini does not extend laterally as far as the inner (lower) lamina (Figs, la, 4a) . The distal edge of the outer lamina is thin and comes to lie in essentially a horizontal plane, or it may turn upward and reflex, or even become ascendant ( Fig. 14b ), to degrees varying with each group.
The lateral margin may be of such height as to exceed the height of the peritreme and/or the orifice.
The inner lamina in plan view, is usually widest at the extremities of the shell (Fig. 6a ). In some spe- The minute size of the orifice relative to the size of the shell is unparalleled in other balanomorphs.
Rostro-carinal diameters of the orifice range from 0.2 to 0.5 mm and widths from 0.2 to 0.4 mm (Table II) . This would seemingly pose limitations to normal biological activities owing to the otherwise essentially normal size of the body. In the absence of a functional cirral net, the presence of a minute orifice is due largely to a wholly unique method of feeding unknown in other balanomorphs (see the sections Cirri, and Feeding and nutrition).
Aperture enlargement is not uncommon in intertidal balanomorphs. In balanids it is due largely to diametric growth, whereas in tetraclitids that have fused compartments it is due mainly to abrasion by water-borne particles and corrosion (Darwin, 1854: 324). Obviously, the only way to enlarge the orifice in barnacles that have a concrescent shell, is through abrasion and/or corrosion. In most Hoekiini the aperture is neatly "worn" so that the wall of the orifice is perpendicular to the adjoining shell surface (Fig. 14a ). Orifice size evidently increases as needed, but how might this be accomplished? (Ross & Newman, 1973: 139 Hiro (1938: 409) , and is readily seen in fossils that have been leached from corals (Newman & Ladd, 1974: pi. 2, fig. H ). We subscribe to the observation of Baluk & Radwanski (1967: 488 ) that growth of the basis is largely synchronous with that of the host skeleton, but with some exceptions (Newman et al., 1976: 69; Ross & Newman, 1973: 140 The bottom of the basis has a higher opacity, and is more than twice as thick as its vertical walls.
There are mammillated deposits at the bottom of the basis that are unknown in other pyrgomatines.
As noted above, the peripheral margin of the wall is filled with tissue covered by a cuticle that is in contact with coral tissue rather than the calcareous basis of the barnacle or the surrounding calcareous skeleton of the coral. By applying light pressure to alcohol-preserved specimens the shell can be "wig- and that it is highly vascularized, it could serve as a pathway for the exchange of nutrients.
Shell development
In Hoekia, as with pyrgomatids in general, the wall is solid, but it is apically thickened by the sheath, a secondarily deposited innermost layer (Ross & sheath forms an inner wall or lamina that develops parallel to, and is fundamentally shorter than, the outer wall or lamina. Although it is called an inner lamina in higher pyrgomatids, it is not homologous with that of higher balanids (Costlow, 1956: 370; Ross & Newman, 1973: 143) . In pyrgomatines having a tubiferous wall, the wall and sheath are separated by vertical partitions (ribs) to form one or more rows of tubes.
In the ontogeny of Hoekiini, the inner laminabegins simply as an adpressed sheath, but quickly develops a dependent lower margin as indicated by the position of the proximal portion of the abandoned carinal sinus (see below). The lower margin of the dependent sheath becomes weakly cemented or fused, by radial ribs or bridges ( Fig. 16 ), to the out- (Fig. 16 ). In doing so, it becomes the floor for the carinal sinus, an abandoned channel, which may fill with calcareous material to varying degrees.
The space between the inner lamina and the growing edge of the outer lamina forms a peripheral circumferential channel, which we infer provides space for the inferior ( = basal) circumferential vessel found in balanomorphs (Burnett, 1977: 301) .
The circumferential channel moves laterally with lateral growth of the outer lamina, and in doing so much of the tissue between the laminae withdraws and the vacated channels may become partly or wholly filled.
At an early stage, before the inner lamina begins to extend beyond the outer lamina and, concomi-tantly, beyond the circumferential channel, the margin of the inner lamina begins to digitate. The spaces between the digitations form passages radiating from the inner surface through the inner lamina to the circumferential channel. In morphologically simple forms, such as Eohoekia, the digitations deliquesce as they extend peripherally. In some cases, elements between radiating déliquescences coalesce to form a filigree (Fig. 4b) In morphologically more complex forms, such as Hoekia and Ahoekia, the undersides of the radiating deliquescences close off as they grow laterally.
In so doing, they leave behind lacunae that lead to radial channels that connect with the circumferential channel and its tributaries from the marginal fringe. The fringe is thick and massive and embodies the lacuno-circumferential channel. We infer that this elaboration of the marginal fringe and the included lacuno-circumferential portion of the circulatory system allows for a substantial increase in the area of contact between tissue of the barnacle and that of the host in which it is suspended (see
Peripheral shell shapes
All of the specimens of E. chaos available are apparently of the same age class because of comparable size. The outer lamina is primarily ovate in outline, but the marginal fringe varies in shape. The fringe is strongly reflexed further suggesting maturity. Shell shape in early juveniles, of which we have seen only one specimen (. E. nyx :) approximates that of other pyrgomatids; a conical wall with a circular to ovate outline (Hiro, 1938: 409; Moyse, 1971: 135). The Hoekiini take on protean shapes as they grow, but they retain part of this primitive condition throughout life in the form of the peritreme.
Their growth is constrained by the arrangement and growth of coral hydnons. Bourget & Crisp (1975a: 245) note that in ordinary barnacles there must be some mechanism controlling the rate at which individual parietal plates grow when hindered or unhindered by obstacles, but what the mechanism is has not been determined.
The wall of Parahoekia is much like that of Eo- hoekia in being conical and ovate, but the overall outline is stellate (Fig. 6a ). In this case settlement probably occurred between essentially equally spaced hydnons. Subsequent growth of the marginal fringe appears to be uniform in all directions.
Based on our limited observations of Hydnophora microconos, we infer that any other species found on this coral will have a stellate outline similar to that of P. aster.
Hoekia exhibits the most variable shell pattern, but all three species develop a marginal fringe that parallels and remains close to the outer lamina except at the digitations. In H. monticulariaethe shell assumes a more digitiform outline than in H. mortenseni, which tends to be trapezoidal (Fig. 11c ).
The shell in Ahoekia is much like that of Hoekia.
However, it is more trapezoidal, and does not assume the protean outline characteristic of the latter.
The shape suggests that whereas the two species of Ahoekia may be limited in their ability to grow laterally, they have essentially unlimited vertical growth. However, by applying light pressure to the shell of an alcohol-preserved specimen, it can be "wiggled", as noted earlier. This is puzzling when one considers that the wall of all other pyrgomatids, except for the Pyrgopsellini, mechanically interlock with the basis. In Hoekiini, the lower portion of the basis is calcareous, whereas the upper is membranous. This membrane is white, flexible, tough, but relatively thin. The distal margin of the membrane passes up and over the marginal fringe to attach around the outer margin of the outer lamina and helps hold the wall in place (Fig.   3 ). However, the wall is also connected to the calcareous basis by fixation fibers, as described below.
If the wall is pulled free from the coral, the opercular plates and commonly the body remain attached to it, whereas the lining of the membranous basis, the accompanying tissue and sometimes the body remain with the coral. The separation generally occurs along a horizontal plane where the wall is attached to the fixation fibers ( Fig. 17) At the origins and insertions they anastomose, which provides a broad area of attachment (Fig. 17 ). When the wall is pulled free, the fibers generally remain attached to the basis rather than to the wall.
Coral overgrowths
All pyrgomatids, except for the sponge-dwelling Pyrgopsella, live on stony corals and are subject to overgrowth by the host coral. There are two types "... clean and free from epizoic growths" (Moyse, 1971: 137) , and it also tends to make the barnacle less conspicuous. This blanket of tissue extends to the margin of the orifice, and Anderson (1992: 305) hypothesized that it is kept from overgrowing the orifice by modified tergo-scutal flaps, the "apertural frill", which he stated is unique to pyrgomatids. Hydnophora differs from most scleractinians in that the mouths occur in the "valley" between hydnons, and the tentacles encircle hydnons rather than mouths. The shell morphologies of the Hoekiini and the coral tissue overgrowing them are suggestive of these tuberosities. Although it appears that the barnacle/coral mimics a hydnon because the tentacles encircle the barnacle, the combination approximates a classic text-book scleractinian polyp. This "polyp", or pseudopolyp, includes two layers of tissue separated by radial mesenteries or septa that extend from the periphery of the shell almost to the aperture, and covering the lateral margin of the shell there are one or two whorls of en echelon tentacles (Fig. 3 ). In the preserved materials available no oral disc, mouth or pharynx, situated over the aperture of the barnacle, were observed. If a mouth were present, it is possible that the coral's food is going directly to the barnacle, as well as the barnacle acquiring food indirectly by eating coral tissue (Ross & Newman, 1969: 255 (Newman & Ross, 1971: 146; Bourget, 1977: 289; 1987: 275) . Commonly, a narrow band of this membrane is exposed to the environment in intertidal forms. Because of the size of the orifice in Hoekiini, only the limbus occludens (see Fig. 2 ) of each opercular plate occludes the orifice and, therefore, the opercular membrane is completely concealed.
Although we have not seen opercular plates for all Hoekiini, the ones examined differ in relative proportions, flexure, symmetry and other details.
They are thin, translucent, and exceedingly fragile.
All are compound or concrescent plates that lack a distinct juncture between the scutum and tergum.
The plates are wider than high with the scutal longer than the tergal portion. External ornamentation consists of closely spaced simple or slightly beaded growth ridges (Fig. 9a ) covered with a hirsute cuticular membrane. The cuticle covering the plates is dense and darkly pigmented in Parahoekia, but not in those species of Hoekia that we examined.
In most balanomorphs growth increments to the opercular plates are added at the basal margins (Darwin, 1854: 54) . Each increment increases the (Fig. 9a, b ). This is readily seen on the external sur- (Darwin, 1854: 373; emphasis added). This "slip" is depicted in his figure below the "basal edge or border" (pi. 13, fig. 5f ). From this one might be led to believe that there are two occludent margins, but the "true" margin is simply the "original" margin to which growth increments producing the occludent edge have been added.
As Darwin noted, opercular growth in Hoekiini contravenes the general concepts of growth in other balanomorphs in that major growth increments are made along the occludent rather than the basal margins. Furthermore, the modified scutal adductor ridge and tergal muscle crest (see below) wrap around both sides of the basal margin of each plate, and where they contact the exterior surface there is a narrow, shallow sulcus (Fig. 9a ). It is along this juncture, effectively the original basal margin of the plate, that the arthrodial membrane attaches the plates to the sheath.
Why have Hoekiini reversed the manner by which growth increments are added to the opercular valves? It has to do with the manner of growth of the wall. Monometric shell growth characterizes the tetraclitines where orifice enlargement is by attrition or corrosion (Darwin, 1854: 324; Ross, 1969: 238) . But this has very little effect on growth and form of the opercular plates, which are added to at the basal margins, because growth of the wall remains conical. The "reverse" growth pattern of the valves seen in Hoekiini is necessitated by the change from conical to horizontal growth, and concrescence of the wall plates. With growth of the wall, and enlargement of the orifice, enlargement of the superior portion of the opercular plates for occlusion of the orifice is required if a low profile is to be maintained. This growth forms the occludent edge, and it is anticipated in other pyrgomatines such as Trevathana dentatum (Darwin, 1854) and Savignium crenatum (Sowerby, 1823) where less than one half of the plates show apical growth, as opposed to more than one half in Hoekiini (Soong & Chang, 1983: 247) .
The occludent margins of the scutal plates interlock to varying degrees in nearly all balanomorphs.
In primitive barnacles the occlusal surfaces are relatively smooth, as they are in Hoekiini. Interlocking closure of the occlusal surfaces has obvious adaptive value in barnacles exposed to predators.
However, for Hoekiini there is apparently no adaptive value in possessing such a mechanism because of the minute orifice which is covered by a cloak of coral tissue. (Fig. 2) . A similar situation exists at the carinal end of the operculum in Nobia grandis Sowerby, 1839 (see Ross & Newman, 1973: fig.   12C ). The fenestrae are simply the free spaces adjacent to the hinge points formed by the tergal and scutal extensions of the valves.
In those balanomorphs having scuta with interlocking occludent margins, the plates are slightly bilaterally asymmetrical. This results from interdigitation of basal growth increments along the occludent margin. Although the occludent margins do not interlock in Hoekiini, the plates are asymmetri-cal. The apico-medial portion of the plate, the occludent edge, is semicircular in outline, and when the plates are in apposition they form a hemisphere.
But, one side is usually more inflated than the other, and the disparity in length between the two plates may arise from asymmetry of the wall.
In H. monticulariae the opercular plates average four to five times longer than the rostro-carinal diameter of the orifice. One specimen, with a rostrocarinal orifice diameterof 0.35 mm, has plates that are 1.7 mm and 1.2 mm long, respectively (Table   II) . Thus, a minute orifice has not precluded the need for proportionately large opercular plates. This is because they are required for body and muscle attachment.
The scutal portion of the plate lacks depressions for the adductor and the lateral and rostral depressor muscles. However, in H. monticulariae, along the basal margin there is a medially projecting flange (Fig. 9a) Body shape and size Shell shape in pyrgomatids dictates whether the body will be housed within the confines of the wall, partly within the wall and basis, or essentially within the basis. In Hoekiini the space available within the confines of the conical portion of the adult wall suggests that only sufficient room exists for part of the oral cone and terminal cirri. The balance of the prosoma and thorax reside in the basis (Fig. 3 ).
According to Anderson (1992: 290) the same relationship exists in Cantellius euspinulosum (Broch, 1931) .
In many pyrgomatids the prosoma is larger than the thorax (Anderson, 1992: 299), and in many it is globose or spheroidal (Ross & Newman, 1969:253) .
Thus, there appears to be a reverse correlation: the larger and more globose the prosoma, the smaller and more slender the thorax. According to Anderson, concomitant with diminution of the thorax there is reduction in cirral size and length, and hence perhaps functional dependency on the cirral net as a captorial feeding mechanism.
The prosoma in large specimens of H. mortenseni eclipses the thorax in size; there is no clear distinction between these two regions because what is left of the thorax is engulfed by inflationof the prosoma.
And, the thoracic appendages are vestigial except for the aberrant cirrus VI (see section Cirri).
There is a distinct thorax in H. monticulariae, but it too is small relative to the prosoma, and in large specimens it is rotated anterioventrally. In this orientation, the tips of the posterior cirri approach the apex of the oral cone directly beneath the orifice (Fig. 3) . The thorax in Parahoekia is also diminutive and positioned anterioventrally with the inflated prosoma extending posteriorly beyond it.
Because of the low profile of the wall and size of the body in Hoekiini, the bulk of the body must be housed in the basis. When raised to the feeding position, the oral cone or alternatively, the intromit-tent organ and/or cirrus VI, can be extended out through the orifice.
Opercular musculature
In balanomorphs there are four groups of opercular muscles and their size, shape and length vary (Anderson, 1992: 334; 1994: 74) . Although opercular musculature may serve more than one function (Anderson, 1981: But, they form an exceedingly minute percentage of the tissue mass in Hoekiini.
In order for the opercular plates to close, the scutal adductor, the most conspicuous muscle in Hoekiini, must be more apical than the lateral depressors; that is, above the pivot or hinge points.
It pulls the opercular plates medially, thus closing the aperture. Unlike that of other balanomorphs and pyrgomatids, this muscle bundle is broad, flat and thin rather than being essentially ovate in cross section. It is attached to the rostral tooth along the basal margin of the plate, but does not extend all the way to the end of the tooth (Fig. 2) .
The depressor muscles open the opercular plates, and can generally draw the entire operculum downward. The lateral depressors in Hoekiini, although moderately slender, are exceedingly long. In specimens of H. monticulariae and H. mortenseni they are more than three times the length of the opercular plates. The proximal half is striated muscle, whereas the distal half is tendonous. The latter portion anastamoses and inserts on the basis rather than on the shell wall. In Parahoekia this muscle is smooth, not striated, it is shorter and greater in cross section than in Hoekia, and it lacks the tendinous distal portion.
The rostral depressor muscles are more slender than the lateral depressors. Their origin is on the apical surface of the rostral tooth, and they extend somewhat laterally before inserting on the wall.
The tergal depressors originate on the ridge along the basal margin of the tergal portion of the opercular plate, and they also insert on the wall. They are thin and shorter than the lateral scutal depressors, and are divided into three or four distinctly separate bundles in H. monticulariae. In P. aster they are divided into six or seven distinct bundles, and each appears to have a greater cross-sectional area than that found in H. monticulariae. The depressor musculature in Hoekiini follows a similar pattern as that depicted by Anderson (1992: 331) for type 3 pyrgomatids.
Because the shell in Hoekiini is covered by coral tissue, and the aberrant cirri no longer serve a captorial function, the activities normally associated with opercular and cirral movements are largely precluded. However, in concert with the prosomal muscles, the depressor muscles may create the pumping action that ventilates the mantle cavity and aids in expelling larvae in ordinary balanomorphs (H. Barnes, 1955: 114) .
Trophic structures
The oral cone, thus far known only in Parahoekia and Hoekia, holds a prominent position on the prosoma, and its size can overshadow the thorax and its appendages (Fig. 3) . It was this difference that originally led us to the fact that Hoekia feeds on host tissue rather than capturing food with cirri extended into the water (Ross & Newman, 1967: 255) .
The labrum in both H. mortenseni and H. monticulariae is only slightly sulcate rather than deeply notched as it is in P. aster (Fig. 7a ). In all three species the crest lacks setules and teeth. The mandibular palps, fused laterally to the labrum, are small, clothed with setae of various lengths, and do not extend to the top of the labrum; that is, they tend to close the sides rather than the top of the oral cone (cf. Figs. 7a, 10a, 12a ).
The structure of the mandibles suggests that they serve more than one function. The cutting edge of the superior portion is smooth, but parallel to the edge there are exceedingly long, fine ctenae that extend well beyond the cutting edge. The inferior portion of the cutting edge is divisible into two Contributions to Zoology, 65 (3) -1995 161 functional regions armed with multicuspid spines, the upper of which projects beyond the inferior angle.
Of the three regions of the mandible, the function of the superior portion is equivocable, but in light of the lateral position of the palps, it likely strains or brushes food particles back toward the mouth. The medial portion, acting much like a coarse-toothed saw, shreds coral tissue, maintains access to the "outside", and triturates large food particles. The inferior angle, armed with smaller spines, transfers food to the mouth.
Maxillae I have an unbroken array of equal length spines in H. mortenseni and P. aster but there are two discontinuities in the array in H. monticulariae, suggestive of functional groups (Fig.   lOd ). The arrangement of spines, suggestive of a comb more than a saw, probably clean the mandibles as well as assist in moving fine food particles to the mouth.
Maxillae II in Parahoekia, densely and darkly pigmented, are reduced to a mere knob-like prominence surmounted by a few short setae (Fig. 7f ).
They are fused to a large, unpaired, laterally compressed, median languette (hypostome), similar in appearance to that found in the ascothoracidan Synagoga Norman, 1913 , and related genera (Norman, 1913: 163; Moyse, 1983: 170; Grygier, 1984: 168). Although Hoekiini and ascothoracidans have an attenuated oral cone and mandibles and maxillae with saw-like edges, those of S. mira (Norman, 1913:161) are terminally accumulate, and therefore better adapted for piercing as well as rasping the host's tissue. Flanked by the maxillules, in Hoekiini the languette forms a seal to the posterior border of the oral cavity. The apical border is higher than the labrum and adjoining appendages, and the periphery is armed with a single row of short, slender, simple setae. In H. monticulariae (Fig. lOf) and H. mortenseni (Fig. 12f ) the languette is comparable in size to the adjoining trophi and does not broadly close the back of the mouth field as it does in P.
aster. The presence of a languette that equals or dwarfs the remaining appendages is apparently a synapomorphy that unites the Hoekiini, because they are the only balanomorphs known to possess such a structure. Why a hypostome is so highly de-veloped in these biting parasitic crustaceans is likely for the same functional reasons as it is in primitive ascothoracidans.
Cirri
Balanomorphs, except those noted below, are characterized by six pairs of biramous thoracic appendages which fall into two functional groups. In balanoids the anterior three pairs are maxillipeds that clean the posterior three pairs of food and transfer it to the trophi. Furthermore, the cirri respond to mechanical stimuli, such as the direction of water currents. They also serve some role in the reproductive process (Ross, 1969: 248; M. Barnes, 1992: 520) and may function in respiratory exchange (Crisp & Southward, 1961: 290) .
The Hoekiini are unusual in that the cirri are reduced and aberrant. Those of H. mortenseni represent the most extreme case: the first three pairs are wholly vestigial; cirrus IV is malformed and tipped with a few short setae; cirrus V is questionably biramous, unsegmented, essentially devoid of setae, and only slightly longer than the coxopodite of cirrus VI, the rami of which are unequal in length and shorter than the protopodite.
The cirri of H. monticulariae and P. aster (Fig.   7h ) are more readily identified, but they are also aberrant. The location of cirri II and III is normal in P. aster whereas in H. monticulariae they attach medially, just posterior to the mouth field, and they are somewhat reminiscent of the mouth cirri (Fig.   10g , h) in acrothoracicans (Tomlinson, 1963: 268) .
In this position they are flanked and "hidden" by the protopodite of cirrus I, the coxopodite of which, some 20-25 times larger than the basipodite (Fig. 10g) , likely retains its "normal" size because of the presence of the oviducal gland and female genital aperture (Walley, 1965: 118) . All three of the maxillipeds have discernible protopodites, but the remaining segments are variously fused or indiscernible; they are distinguished only by indentations in the cuticle rather than by true articulations.
Cirrus IV in P. aster, only slightly separated from the posterior two pairs, is aberrant, has a poorly segmented protopodite, and equal-sized rami that A. Ross & W.A. Newman -A coral-eating barnacle, revisited 162 are shorter than the protopodite (Fig. 7h ). In H. monticulariae cirrus V is essentially fused to cirrus VI (Fig. lOj) , and about one-fourth its length, but the rami of cirrus VI are equal to or slightly longer than the protopodite. All of the posterior cirri have setae, but these, as in H. mortenseni, occur almost wholly on the greater curvature of the rami.
On the basis of the foregoing it is evident that the maxillipeds no longer function in the transfer of food to the trophi. Similarly, the remaining three pairs cannot function in a captorial manner. Consequently, they must serve other functions. Severe size reduction in all but cirri VI, which flank the intromittent organ, suggests that the latter serve a reproductive function in these species. The development of lacunae is a unique feature in Hoekia and Ahoekia. These occur below or distal to the basal margin of the sheath (Figs. 18a, 19a ). Darwin (1854: 373) described the inner walls of H. monticulariaeas being smooth, but noted that "... they are perforated by many quite irregular, small orifices, which have the appearance of having been formed by some boring animal ..." His illustration (1854: pi. 13 fig. 5b ) shows a highly pockmarked surface, which we have not observed. The lacunae may be circular, ovate or irregular in outline (Fig. 19b, c) . Some may be confluent, but more commonly they are discrete, and in Ahoekia they are concentrated along the lateral portions of the shell (Fig.  13c) . "More or less irregular" best describes their spatial distribution because there is no fixed pattern from one specimen to another of the same species. Each lacuna leads to a lumen, which in turn opens into a narrow, partially enclosed, circumferential channel that lies between the marginal fringe and the distal margin of the outer lamina. In Ahoekia there are ancillary connections from the circumferential channel to the periphery of the marginal fringe (Fig. 13a, d) .
Internally, access to the abandoned carinal sinus is generally through a carinally situated lacuna in these species. The same lacuna also leads distally to the circumferential channel. Eohoekia lacks the enclosed lacunal interconnections, but access to the circumferential channel, and in turn to the sinuses, is via shallow, basal and distal sulci that occur between the digitations of the marginal fringe. The same situation prevails in Parahoekia, but the sulci are deeper and more pronounced, and in one instance a sulcus has been closed by secondary calcification. All of these connections and interconnections are traceable by transmitted light, grinding the shell, and/or by inserting a probe (an eye lash is excellent) into the passage and observing where it emerges around the fringe (Fig. 18a ).
On the basis of the foregoing it is evident that the carinal ridge (sinus) and the lacunae are but two aspects of the same system, but which system? We infer that this extensive and elaborate interconnect- Hoekia monticulariae (Gray, 1831) , internal view of shell; note essentially symmetrical arrangement of lacunae, with eyelash traversing shell from inner to outer surface; topotype, SIO no. C-8375. evidently not only supplies these muscles, but also the branchiae.
In general, movements associated with cirral activities affect circulation of body fluids (Crisp & Southward, 1961: 292) . Obviously, the presence of greatly reduced cirri necessitates some other mechanism, rhythmic or otherwise, to assure circu- (Fig. 7i) . A chemosensory function has been attributed by Munn et al. (1974: 96) to the setae that clothe the penis in Semibalanus balanoides (Linnaeus, 1766) .
Only cirrus VI appears truly functional in Hoekia and Parahoekia, and then perhaps only during mating (see also section Feeding and nutrition).
Distention of the penis in balanids does not take place until the cirri have been fully unfurled, and consequently their presence may be requisite for (Crisp & Southward, 1961: 288) .
In tropical or warm-water barnacles breeding is not uniform throughout the year, and it may be asynchronous in a population (Achituv & Barnes, 1978: 316; M. Barnes, 1989: 143; 1992: 493 Our limited observations suggest that population densities in Hoekiini are low. However, considering the difficulty in obtaining preserved material, and the likelihood of their being washed off in the preparation of coral skeletons, they could be relatively common.
Feeding and nutrition
As noted earlier, the absence of normal cirri, the nature of the trophi, and the presence of nematocysts in the stomach of Hoekia led to our inference that Hoekia feeds on coral tissue (Ross & Newman, 1969: 255) . A somewhat similar scenario is evident in the ascothoracidan Isidascus Moyse, 1983 . This minute, piercing and sucking, gall-forming parasite of octocorals feeds on host tissues which are probably "... continually proliferating to replace any used by the parasite" (Moyse, 1983:175) . However, we now believe that in the Hoekiini ingestion of coral tissue may not be the sole source of nutriment.
In the preserved specimens we have examined, the wall is totally covered by living coral tissue (Fig.   3 ); in fact it appears to mimic a hydnon. After rasping and consuming the tissue immediately covering the orifice, the oral cone, now in a protruded state, could enter the host's gastrovascular canal system.
If it did, it could divert gastrovascular fluids from the coral to itself.
It is instructive to note a somewhat parallel situation involving the mytilid Fungiacava eilatensis Soot-Ryen, 1969 and various monostomatous corals of the family Fungiidae. It resides in a cavity within the skeleton of the host coral, and its enlarged inhalant siphon opens directly into the coelenteron of the host. Its diet consists of phytoplankton, zooxanthellae, and other particles found in the coelenteron (Goreau et al., 1970: 164; Patton, 1976: 11) . The foot of this mytilid is involved in the food selection process as well as serving some sensory role. This suggests that retention of cirri VI in Hoekia may also have a sensory role in feeding as well as in reproduction.
In balanomorphs, the anus is situated at the base of the last thoracic segment, immediately above the pedicel of the intromittent organ (Darwin, 1854: 87 ). There appears to be an "anal depression' ' 
Host specificity and exploitation
The faviinid Hydnophora Fischer, 1807, which was widely distributed in the Cretaceous, is presently limited to the Indo-West Pacific region (Veron, 1993b: 428) . This coral is unusual in that corallite centers are arranged around protuberant collines or hydnons, the result of circummural budding. Short tentacles surround the base of each hydnon, with one tentacle between each pair of sclerosepta (Veron, 1993b: 428) . Ogawa & Matsuzaki (1992: 97) reported the apparently facultative occurrence of Creusia indica Annandale, 1924 ( = Galkinia in-dica) on Hydnophora spp., but usually hoekiines are the only pyrgomatids encountered on this coral.
What it is about the unique morphology of this coral that favors hoekiines, but tends to exclude other pyrgomatids, may be the thickness of the coral tissue in the "valleys" between the hydnons in which the wall of the barnacle becomes suspended, and to which its highly vascularized marginal fringe is applied. Newman et al. (1976: 73) note that there is a good to excellent correlation between being morphologically specialized and exploiting a limited number of genera of host corals, and this is the case here (see section Biogeography). Furthermore, based on our limited data for the Hoekiini, species in a particular area settle on one host species, and wide-ranging hosts are generally exploited by more than one species. But so far it appears that only 3 or possibly 4 of the 22 species of Hydnophora (Veron, 1993a: 77; (Batham & Tomlinson, 1965: 143) . Gomez (1973: 163) found that cyprids of Conopea galeatus (Linnaeus, 1767) preferentially settle on those areas of the host gorgonian that have been striped or browsed by an ophistobranch mollusk. In the classic study by Ritchie & Hoeg (1981: 343) Ross & Newman, 1973 was first discovered in the high energy zone of the reef front (Ross & Newman, 1973: (3) to be richer in species (GSR), than specialized genera.
However, it will be observed that in order to achieve reasonable coefficients and concomitant probabilities, it was necessary to exclude the monotypic genus Hoekia from the second, and the monotypic genus Hiroa from all three of these rank-order comparisons with SDI.
Hoekia was removed because it was the only member of the entire family known to be wholly parasitic (Ross & Newman, 1969) , and therefore might not reflect the same diversity trends seen in its setose-feeding allies. Hiroa, on the other hand, was excluded because it was only known from the type locality (Ross & Newman, 1973: Although somewhat comparable in size to Eohoekia, the shell of Parahoekia has a lobate outline and a well-developed, narrow, marginal fringe that is lower than the orifice. Coalescence of proximal elements in the marginal fringe of P. aster results in foramina, but their final outcome is unknown.
The lacunate genera are more highly evolved and the lacuno-circumferential system in Ahoekia represents a significant advance over Hoekia. In
Hoekia this system is more uniformly arranged than in Ahoekia where the lacunae are commonly confluent and concentrated along the lateral margins of the shell, and the marginal fringe is higher and more compact or dense. In both, the peritreme remains essentially conical, but in Hoekia the carinal ridge sinus apparently is not subsequently filled or sealed as it is in Ahoekia. Moreover, in Ahoekia lateral expansion of the marginal fringe is arrested when it begins to ascend vertically, which provides a greater surface area directed toward and in contact with the adjacent coral tissue. Cladistics. -There is a consensus, first promulgated by Ross & Newman (1973: 147) , that Cantellius has the greatest number of plesiomorphies (four wall plates and generalized opercular plates; see Table VI and Fig. 21 ). Therefore it is from the level of organization found in Cantellius that all of the genera within the Pyrgomatinae have been derived, Hiro, 1931 (: 154) , which also has a concrescent shell and opercular plates.
This preliminary cladistic analysis is based on relatively few characters only because of inadequacies in the materials available. Moreover, it is based almost wholly on shell characters, because it is the shell that is most commonly encountered (Table   VI ). All of the characters were unweighted because they contain sufficient information to resolve relationships among the taxa without biasing the data set.
In three instances (characters 14, 15, and 17) we have coded a character as present in all members of a taxon when we have observed its presence in only one or two of its members. Also, on the basis of shell and opercular morphologies we have concluded a priori that none of the Hoekiini are setose feeders (character 16). We have not seen the labrum in five of the species and therefore, for two genera we have scored this character with a (?), but when a member of a genus has that character state we conclude a priori that all of the species have it.
Among the 17 characters selected, there are numerous multistate characters. To obviate problems inherent with continuous variables we established character polarity using outgroup comparisons based on studies by Ross & Newman (1969 , 1973 , , Soong & Chang (1983) , and Anderson (1992) .
Our character matrix, cladogram, consensus tree, consistency index (CI), homoplasy index (HI), retention index (RI), and rescaled consistency index (RC) are presented in Fig. 21 , and the characters and character states are summarized in Table VI . It will be observed that the results corroborate the conclusions regarding affinities reached above.
Parallels with other parasitic thecostracans
Hoekiini have adapted to living within tissue of the host coral, and thus they are internal parasites.
Growth of coral tissue directly over the barnacle conveniently places it where it can be eaten. The barnacle feeds by extending the oral cone and associated mouthparts up through the aperture, so that they can rasp and cut the basal tissue of the coral and carry it to the mouth. Moreover, not only is the oral cone in a position to feed directly on coral tissue, it is likewise in a position to penetrate into the gastrovascular canal of the coral. Therefore, Hoekiini may also be able to feed directly on food being collected by the host.
This remarkable group of barnacles also appears to be in a position to draw upon the host's resources in an additional way. This is accomplished by elaboration of the distal margin of the inner lamina and its loss of contact with the calcareous basis, apparently to accommodate increased vascularization and contact with the tissue of the host coral. We have no direct evidence that there is metabolic exchange across the membrane separating the tissues of the coral from those of the barnacle, but the pronounced modifications of the shell makes the likelihood worth exploring. The lateral margin of the shell or carapace is unusual not only in being hypertrophied and highly vascularized, but in suspending the wall of the barnacle in the host tissue rather than locking it into a calcareous basis, as in other pyrgomatids. In fact, development of the calcareous basis in the region of potential contact has been completely curtailed.
Thus an extensive and vascularized surface is strategically located where it can absorb nutrients from tissues of the host.
The Hoekiini are in some ways paralleling the evolutionary histories of the Ascothoracida and perhaps the Rhizocephala. These histories apparently involved biting parasites becoming absorptive ones, but there are some differences. One is that while setose feeding has clearly given way to a biting parasitism in Hoekiini, the piercing and biting ascothoracids have a non-setose feeding ancestry (Newman et al., 1969: R253) . The ascothoracids
and Hoekiini apparently parallel one another not only in the similarity between their mouthparts but in the elaboration of the carapace as an absorptive organ (see Norman, 1913 : 161, covering mouthparts of Synagoga, and Bresciani & Jespersen, 1985: 148, concerning the carapace of the ascothoracidan Ulophysema Brattström, 1936) .
It has long been considered that the rhizocephalans evolved from an epizoic, setose-feeding barnacle that developed roots at the base of the peduncle that penetrate the host R259). However, a study of the metamorphosis of the rhizocephalan cyprid that infects its host crab through the gill membranes (Hoeg, 1985) suggests an alternative hypothesis involving a free-living, non-setose feeding, biting ancestor (Newman, 1982: 201; 1987: 37) . Recent studies, involving molecular as well as morphological evidence (Abele et al., 1992: 377; Hoeg, 1992: 325; Jensen et al., 1994: 141; Spears et al., 1994) , tend to favor the original setose-feeding hypothesis. If indeed this is the case, then the evolution of the Hoekiini, in giving up setose-feeding and becoming a biting and apparently absorptive parasite, parallels the evolution of the rhizocephalans, albeit on a scleractinian rather than a crustacean host.
